A critical question in planning a response to bioterrorism is how antibiotics and medical supplies should be stockpiled and dispensed. The objective of this work was to evaluate the costs and benefits of alternative strategies for maintaining and dispensing local and regional inventories of antibiotics and medical supplies for responses to anthrax bioterrorism. We modeled the regional and local supply chain for antibiotics and medical supplies as well as local dispensing capacity. We found that mortality was highly dependent on the local dispensing capacity, the number of individuals requiring prophylaxis, adherence to prophylactic antibiotics, and delays in attack detection. For an attack exposing 250,000 people and requiring the prophylaxis of 5 million people, expected mortality fell from 243,000 to 145,000 as the dispensing capacity increased from 14,000 to 420,000 individuals per day. At low dispensing capacities (Ͻ14,000 individuals per day), nearly all exposed individuals died, regardless of the rate of adherence to prophylaxis, delays in attack detection, or availability of local inventories. No benefit was achieved by doubling local inventories at low dispensing capacities; however, at higher dispensing capacities, the cost-effectiveness of doubling local inventories fell from $100,000 to $20,000/life year gained as the annual probability of an attack increased from 0.0002 to 0.001. We conclude that because of the reportedly rapid availability of regional inventories, the critical determinant of mortality following anthrax bioterrorism is local dispensing capacity. Bioterrorism preparedness efforts directed at improving local dispensing capacity are required before benefits can be reaped from enhancing local inventories.
T
HE ANTHRAX ATTACKS OF 2001 demonstrated the vulnerability of the U.S. to bioterrorism. Reviews of biodefense planning and tabletop preparedness exercises have highlighted the lack of consensus regarding two key aspects of bioterrorism preparedness planning: the level of inventory of medical and pharmaceutical supplies that should be held locally versus regionally and the necessary capacity for rapidly dispensing these supplies to an exposed population.
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recommended that hospitals have a 48-hour supply of antibiotics to treat or prophylax staff and other first responders, but it did not recommend that individual communities stockpile pharmaceuticals. 5 In contrast, a 2000 Weapons of Mass Destruction Tabletop Exercise in Spokane, Washington, suggested that local communities need to be self-sufficient for at least 24 hours and recommended "if financially feasible, some local stockpiling of certain antidotes, like antimicrobials." 1 These conflicting recommendations reflect the great variability across the country in the types and quantities of medical and pharmaceutical supplies held in local inventories. 6, 7 In addition to this lack of consensus regarding local inventories, considerable uncertainty exists concerning the capacity that communities should have for inventory distribution (i.e., management of the inventory up to the point of dispensing) and dispensing (i.e., provision of the supplies to end users such as patients or medical personnel). 8 To receive bioterrorism preparedness and response funding, the Department of Health and Human Services requires that states prepare detailed plans for establishing dispensing centers. However, little published evidence is available to guide these planning efforts. 9, 10 Similarly, since 2004, the Centers for Disease Control and Prevention have provided funding to an expanding number of U.S. municipalities through the Cities Readiness Initiative Pilot Program. 11 This funding is intended to facilitate the development of plans and infrastructure required for participating cities to be able to provide oral antibiotics to their entire populations with 48 hours. However, many of these plans remain in the early development phase and have yet to be evaluated.
We developed a simulation model to evaluate the costs and benefits of various strategies for detecting and responding to a bioterrorism attack involving aerosolized anthrax. Specifically, we used the model to evaluate the costs, health benefits, and cost-effectiveness of four types of strategies to decrease anthrax-associated morbidity and mortality: strategies that enhance bioterrorism event detection, increase local dispensing capacity, increase local inventories of antibiotics, and increase the national inventories deployed to the site of an attack.
METHODS
We modeled the local and regional supply chain for medical and pharmaceutical supplies required for a response to anthrax bioterrorism and the expected morbidity and mortality for a population exposed to anthrax. The model, implemented in Excel, is a dynamic compartmental model that distinguishes individuals by exposure status (not exposed, potentially exposed, and exposed), awareness of an attack (unaware of attack, aware of attack), anthrax disease stage (asymptomatic incubation, prodromal, and fulminant), and treatment status (receiving no prophylaxis or treatment, receiving prophylaxis, and receiving in-hospital treatment). Individuals transition between compartments according to their attack awareness, disease progression (including, in some cases, death), and receipt of prophylaxis or treatment. Full details of the model are provided elsewhere.
12 Figure 1 shows the four detection, distribution, and dispensing strategies that we analyzed. Table 1 summarizes the base case parameter values we used in our model.
Attack Scenario
Our simulation evaluated the effects of a hypothetical aerosol release of Bacillus anthracis spores in a metropolitan area with a population of 5 million people. In the U.S., eight cities have metropolitan areas of 5 million or more people (e.g., New York, Chicago) and four cities have metropolitan areas of 4 million to 5 million people (e.g., Houston, Atlanta). 13 We varied the number of people who were exposed from 50,000 to 250,000. The smaller attack scenario represents what might occur if an aerosol release occurred at a large sports stadium or entertainment venue. Because the number of people who are exposed during an aerosol release of anthrax spores depends on several factors-including the number of spores released, the wind speed and direction, and population density-we assumed that a larger attack would result in 250,000 people becoming infected. This value is within the range of attack scenarios used by others who have modeled emergency responses to anthrax bioterrorism. 14, 15 Under some attack scenarios (e.g., an aerosol release over a poorly defined geographic area), residents of the affected area may not be able to readily determine whether they have been exposed. Thus, we varied the number of individuals seeking prophylactic antibiotics from 100,000 to 5 million (i.e., 2% to 95% of the unexposed population).
Disease Progression
Our disease progression model is based on a comprehensive review of the literature of 82 historical cases of inhalational anthrax, including 11 cases resulting from the 2001 U.S. anthrax attacks. 16 We assumed that exposed individuals could move progressively through three anthrax disease stages: asymptomatic incubation stage, prodromal stage, and fulminant stage. Prodromal stage anthrax (sometimes referred to as latent stage) is characterized by a nonspecific flulike syndrome consisting of fever, nonproductive cough, shortness of breath, We express the sensitivity analysis as probabilistic models rather than ranges. We use the following notation: U(a,b) means that we assumed a uniformly distributed random variable over the interval (a,b); B(a,b) means that we assumed a beta-distributed random variable with mean a and standard deviation b;
means that we assumed a shifted exponential distributed random variable with lower limit b and mean a
The incubation period is defined as the asymptomatic stage between exposure and beginning of prodromal stage.
c Based on a literature review of historical cases, many of whom did not receive antibiotics, we assumed that disease progression from prodromal to fulminant for individuals not receiving prophylaxis would occur at a constant rate of 6.2% per day for the first 3 days and 43.3% per day thereafter. 16 This resulted in a very close approximation between the model's disease progression rate and the anthrax survival curve derived from the literature of untreated inhalational anthrax. 16 These two values were simultaneously varied by Ϯ 20% (i.e., multiplied by a uniform random variable U(0.8, 1.2)).
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From the review of cases of inhalational anthrax, it was found that the average time from onset of fulminant stage to death is shorter among those for whom prophylaxis (or treatment) was started in the prodromal stage rather than the fulminant stage. This is likely because antibiotics started in the fulminant phase, when the patient is naïve to antibiotics, may have a somewhat greater ability to delay death than in the patient who has been receiving antibiotics for some time.
e Given the paucity of published data on local inventories of antibiotics, we estimated the base case local inventory from a variety of sources. A survey of 10 hospitals in New Jersey, serving a total population of 1.6 million, found that the median number of on-hand doses per hospital was 289 for ciprofloxacin and 175 for doxycycline. 7 These numbers were similar to other reports. 6, 29, 30 To estimate the total doses of on-hand prophylactic antibiotics for a hypothetical community of 5 million people, we first calculated the number of hospitals and pharmacies from data for the city of San Jose, California. The greater San Jose metropolitan area has a population of 1.6 million people, 61 which is served by 10 hospitals and 79 outpatient pharmacies (not including military or VA facilities). 62, 63 For the base case, we assumed that local inventories of prophylactic antibiotics (including those from hospitals, pharmacies, and other local inventories) contained approximately 64,500 days of prophylaxis, consisting of ciprofloxacin for 40,189 days of treatment, doxycycline for 24,336 days of treatment, and sufficient intravenous antibiotics to provide 781 days of treatment. 6, 7, 29 Levels of intravenous antibiotic inventories were estimated by a local hospital pharmacist.
f The Department of Veterans Affairs (VA) currently purchases and manages the VMI. CDC has recommended that local inventories be purchased according to the VA model. Thus, we based most of the drug costs used in our model on the VA product pricing and fee schedules (VA 340B program). [64] [65] [66] However, because it may be difficult for local officials to purchase medical and pharmaceutical supplies at the same price as the VA, we varied this price widely in sensitivity analyses. Because the VA purchasing prices for ciprofloxacin do not reflect the price contracted by HHS, the cost of oral ciprofloxacin was based on the agreement between Bayer A.G. and HHS. 56, 57 Drug costs include product cost, a wholesale markup of 0.02% (for storage and distribution), 56, 57 and a pharmacy dispensing fee ($3.00 per 100 tablets or 1 vial). 56 Treatment costs include the costs of a triple antibiotic regimen, intravenous supplies, hospital or ICU beds, physician charges, pleural drainage, and respiratory or cardiac support as needed. Hospital and ICU bed costs were derived from the literature. 19, 20 Physician charges and pleural effusion drainage costs were based on the 2003
Medicare reimbursement schedule for the corresponding CPT codes.
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The types and numbers of individuals needed to operate and staff a mass prophylaxis distribution center were derived from the Weill/Cornell Mass Prophylaxis/Vaccination model. and nausea. Fulminant stage anthrax (also called acute stage) is severe symptomatic disease characterized by abrupt respiratory distress and shock that typically progresses rapidly to death. We assumed that only patients in the fulminant stage would die. Based on our review of historical cases, many of whom did not receive antibiotics, we assumed that disease progression from prodromal to fulminant infection for individuals not receiving prophylaxis would occur at a constant rate of 6.2% per day for the first 3 days and 43.3% per day thereafter. 16 This resulted in a very close approximation between the model's disease progression rate and the anthrax survival curve derived from the literature of untreated inhalational anthrax. 16 All other transition rates through each of the three disease stage were based on average times for disease progression (Table 1) .
Prophylaxis and Treatment
We assumed that asymptomatic exposed individuals became aware of the anthrax attack through alerts from the media, public health officials, and emergency response officials. Once asymptomatic individuals became aware of their potential exposure, we assumed they entered a queue for prophylactic antibiotics (either ciprofloxacin or doxycycline). 17 We assumed that prophylaxis with either antibiotic, given full patient adherence, would be 100% effective in preventing disease progression from the incubation to the prodromal stage. Based on the 2001 U.S. experience, we assumed that 64% of patients would adhere to prophylactic antibiotic regimens but varied this up to 90% in sensitivity analyses. 18 We assumed that nonadherent individuals would receive only partial benefit from prophylaxis, depending on how long they took antibiotics.
Once exposed individuals developed symptoms of either prodromal or fulminant stage anthrax, we assumed that they entered a queue for treatment consisting of three antibiotics (ciprofloxacin or doxycycline with rifampin and clindamycin) administered intravenously in an intensive care setting with supportive care as necessary (e.g., pleural fluid drainage, and respiratory or cardiac support). 17, [19] [20] [21] [22] Treatment was limited by the availability of intravenous antibiotics, intensive care unit beds, ventilators, and respiratory technicians. We assumed that if inventories of antibiotics were depleted, disease progression depended on how long individuals had received appropriate antibiotics. We assumed that antibiotics for both prophylaxis and treatment were dispensed on a first-come, first-served basis.
We performed a probabilistic sensitivity analysis using Monte Carlo simulation to generate confidence intervals for the uncertain variables used in the model. BRAVATA ET AL. 250 FIGURE 1. ALTERNATIVE STRATEGIES ANALYZED. This figure presents the key elements of the antibiotic distribution and dispensing supply chain for a response to anthrax bioterrorism. The four detection, stockpiling, distribution, and dispensing strategies evaluated in our analysis are in the gray boxes.
Strategies to Reduce the Mortality from Anthrax Bioterrorism
We evaluated four types of strategies to decrease the morbidity and mortality from an anthrax attack: strategies that (1) enhance bioterrorism event detection, (2) increase local dispensing capacity, (3) increase local inventories of antibiotics, and (4) increase the amount of inventory deployed from the SNS to the site of an attack (Figure 1) . We calculated the costs, cost-effectiveness, and life years saved for each of these strategies up to 120 days after the attack.
Strategies that Enhance Bioterrorism Event Detection
Prophylaxis and treatment of exposed individuals cannot begin until the bioterrorism event has been recognized. Thus, we evaluated the effects on expected mortality of changing the time until event detection. Syndromic surveillance systems have been widely deployed for the early detection of illness resulting from bioterrorism; however, no published reports specifically describe the expected time to detection of a bioterrorism event. 23 In the base case, we assumed that an attack would be detected 48 hours after release of anthrax spores. In sensitivity analyses, we varied the detection time from 0 hours after the release of the anthrax spores (as might happen during an event announced by the bioterrorist) to 144 hours (6 days) after the attack (assuming that at 6 days, the relatively large number of patients presenting with symptoms would alert public health officials).
Strategies that Increase Local Dispensing Capacity
Two factors determine the hourly local dispensing capacity: the number of dispensing sites and the number of individuals who can be served at each site per hour. Published reports of mass vaccination and antibiotic dispensing campaigns for naturally occurring infectious diseases have documented widely varying dispensing capacities (from 162 to 1,700 patients per hour), with some campaigns using one or two large dispensing sites and others relying on more than 10 sites. [24] [25] [26] [27] No published studies have evaluated the optimum number of dispensing sites for a given population size/density. In the base case, we assumed that the local community would have 10 dispensing centers, each of which would be able to dispense prophylactic antibiotics to 1,000 people per hour. We assumed that each dispensing center would require 48 hours to ramp up to full capacity and that, at full capacity, it would operate 14 hours per day (i.e., base case dispensing ϭ 10 centers ϫ 1,000 people per center ϫ 14 hours per day ϭ 140,000 people/day). 27 In sensitivity analyses, we varied local dispensing capacity from 14,000 to 420,000 people per day.
Strategies that Increase Local Inventories
Little published data exists regarding the quantities and types of medical and pharmaceutical supplies in local inventories.
1,28 Thus, we estimated the amount of antibiotics in local inventories from a variety of sources. 6, 7, 29, 30 In sensitivity analyses, we varied the amount of local inventory from 0 to 5 times the base case inventory.
Strategies that Increase the Inventory Deployed from the SNS
The SNS has two components, Push Packs and Vendor Managed Inventories (VMI). Push Packs contain antibiotics, antidotes, and other medical supplies necessary to treat a wide range of possible biological or chemical agents and reportedly would be available for local distribution within 12 hours after being requested. 4, 31 The VMI contain additional supplies of antibiotics and medical equipment tailored to the specific needs of responders and reportedly can arrive at local distribution and/or dispensing sites within 36 hours following the detection of an attack. 4, 32 In sensitivity analyses, we evaluated the effects on expected mortality of changing the time to arrival of national inventories. We also varied the amount of prophylactic antibiotics dispensed to each individual as a function of whether the VMI was available (from the base case of a 14-day supply to a complete 60-day supply).
Costs
Base case costs, presented in Table 1 , include the costs of prophylaxis and treatment, the costs of operating the dispensing center, and the costs of maintaining local inventories of antibiotics. Our model adopted the societal perspective with costs representing those of the ideal insurer. 33 All costs were discounted at 3% per year. We assumed that increasing local inventories would require a one-time cost to purchase the antibiotics and other supplies, plus the annual cost of maintaining the inventory (e.g., stocks must be stored in a dry, temperature-regulated environment and must be rotated and replaced as they expire).
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RESULTS
We first present the results of the base case analyses, then the specific results of evaluating each of the five strategies described in Figure 1 .
Base Case Analyses
Expected mortality was highly dependent on the local dispensing capacity, the number of individuals requiring prophylaxis, and the adherence to prophylactic antibiotics.
For an attack that exposes 50,000 individuals, at a low dispensing capacity (e.g., 14,000 individuals per day), approximately 28,000 deaths are expected (even if only 2% of the unexposed population requires prophylaxis). If the local dispensing capacity is 140,000 individuals per day (base case), we would expect 21,000 deaths ( Figure  2A ). For larger attack sizes, the reductions in expected mortality from increasing dispensing capacity are more significant ( Figure 2B ).
As the number of individuals requiring prophylaxis increases from 2% to 95% of the unexposed population, the expected mortality doubles (from 21,000 to 40,000 for an attack exposing 50,000 individuals and from 110,000 to 201,000 for an attack exposing 250,000 individuals). This suggests that technologies that can distinguish between individuals who have been exposed and those who have not are worthy of investigation.
At low dispensing capacities, nearly all exposed individuals died, regardless of the rate of adherence with prophylaxis (at the lowest dispensing capacity the expected mortality is nearly identical for adherence rates of 64% and 90%). At dispensing capacities of 140,000 individuals per day or greater, expected mortality depends on the rate of adherence with prophylactic antibiotics. If adherence could be improved from 64% to 90% by a counseling session costing $10 per person, then the cost-effectiveness of improved adherence is $2,300 per life year gained.
Effects of Strategies that Enhance Bioterrorism Event Detection
Enhanced bioterrorism event detection reduces mortality, particularly for large attacks and when the number of unexposed individuals requiring prophylaxis is low (Figure 3A) . For example, an attack resulting in 250,000 exposed individuals and requiring the prophylaxis of only 5% of the unexposed population detected at 48 hours resulted in 138,000 deaths. This same attack detected at 144 hours results in an additional 35,000 deaths-about 6 deaths per minute of delay in detection.
When dispensing capacity is low, most exposed individuals cannot receive prophylaxis in a sufficiently timely manner to prevent disease progression-thus, no significant advantage accrues from rapid attack detection ( Figure  3B ). In contrast, when dispensing capacity is high, if the attack is detected quickly, it is possible to prevent considerable mortality. Even if local inventories and dispensing capacities were infinite, we would expect 107,000 deaths if the event were detected at 48 hours (and 92,000 deaths if the event were detected at 0 hours) assuming a large attack. This is primarily because of the 64% adherence rate with prophylaxis used in the base case.
Effects of Strategies that Increase Local Dispensing Capacity
Strategies that increase local dispensing capacity are highly cost-effective up to about 280,000 individuals per day ( Table 2 ). The cost-effectiveness of increasing the dispensing capacity depends on the annual probability of an attack. This is because the costs of training and maintenance for each dispensing site are the same regardless of the annual probability of an attack, whereas the operating costs (the cost of operating the sites and the costs of all antibiotics) as well as the health benefits of increased dispensing capacity are accrued only if an attack occurs. However, even at very small annual probabilities of attack (less than 1 ϫ 10
Ϫ6
), increasing local dispensing capacity to approximately 100,000 individuals per day falls well below the usual cost-effectiveness threshold: Medical interventions that cost less than $50,000 per life year gained are generally considered acceptable. 34 To put this in context, emergency preparedness experts estimate the probability of a major earthquake (i.e., magnitude Ն6.7 with expected human and economic losses similar to those of the 1995 Kobe earthquake) affecting the San Francisco Bay region in the next 30 years is 0.62 (95%CI: 0.37-0.87), 35 whereas the probability of a 1-kmsized near earth object strike (which would deposit approximately 80,000 megatons of total energy and result in major regional destruction and global climate disruption) during the 21st century is 2 ϫ 10
Ϫ4
. 36 
Effects of Strategies that Increase Local Inventories
Development of a local stockpile is cost-effective only if the size of an attack is large, the probability of attack is sufficiently high, and dispensing capacity is adequate (Figure 4) . For a large attack, local stockpiling reaches conventional levels of cost-effectiveness only if the annual probability of an attack is greater than 0.0004 (Table  3) . If local dispensing capacity is sufficient, initiation and maintenance of a local inventory reaches conventional levels of cost-effectiveness if a large attack occurs, but not if a small attack occurs (data not shown).
Effects of Strategies that Vary the Availability of National Inventories
The strategy of sending additional Push Packs to the attack site until the VMI becomes available results in
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only small reductions in mortality (and only in the case of a large attack or an attack in which large numbers of individuals require prophylaxis). This is because at the base case level of dispensing capacity, the supplies in the first Push Pack are likely to hold out until just before the VMI arrives at 36 hours.
If the Push Packs were delayed in arriving at the attack site from the base case of 12 hours to 36 hours after being requested, expected mortality would increase from 137,500 to 143,000. If the arrival of the VMI were delayed from the base case of 36 hours to 144 hours after attack detection, there would be no effect on expected Figure 2A presents the expected mortality for an attack resulting in the exposure of 50,000 individuals, and Figure 2B presents the results for an attack resulting in the exposure of 250,000 individuals. This analysis assumes 90% adherence to prophylactic antibiotics. The denotes a dispensing capacity of 14,000 individuals per hour, the ᭡ denotes a dispensing capacity of 140,000 individuals per hour, and the ᭹ denotes a dispensing capacity of 420,000 individuals per hour.
A B
mortality at dispensing capacities of less than 28,000 individuals per day (because at this level, dispensing capacity is rate-limiting). At higher dispensing capacities, delays in VMI resulted in increased mortality, particularly for a large attack with large numbers of individuals seeking prophylaxis.
If a 60-day supply of antibiotics is dispensed to all individuals (without regard to the available inventory), BRAVATA ET AL. 254 Figure 3A presents the effect of delays in detection of an attack given the number of people who require prophylaxis. The solid dark line represents the analysis when 90% of the unexposed population needs prophylaxis; the solid light line represents the analysis when 25% of the unexposed population needs prophylaxis; and the broken line represents the analysis when 5% of the unexposed population needs prophylaxis. Figure 3B presents the effects of delays in the detection of an attack given local dispensing capacity. The denotes a dispensing capacity of 14,000 individuals per hour, the ᭡ denotes a dispensing capacity of 140,000 individuals per hour, and the ᭹ denotes a dispensing capacity of 420,000 individuals per hour. The results presented in this figure are for an attack exposing 250,000 people assuming base case estimates of local inventories and antibiotic adherence. The base case assumptions are noted with an arrow. This analysis assumed an attack resulting in 250,000 individuals exposed and 25% of the unexposed population requiring prophylaxis.
b Medical interventions that cost less than $50,000 per life year gained are generally considered acceptable.
34
Note: Uncertainty exists regarding the annual cost to maintain each dispensing site and its employees, so we varied both of these factors in sensitivity analyses. Even if the annual probability of attack is small (0.0001) and the annual costs to maintain the dispensing site double, the incremental cost-effectiveness of increasing dispensing capacity remains below $10,000 per life year gained. ϫ local inventory ϭ 10 times the base-case level of local inventory) and local dispensing capacity (e.g., 2 ϫ dispensing capacity ϭ twice the base-case dispensing capacity). This analysis assumed an attack resulting in 250,000 individuals exposed and 1,437,500 individuals requiring prophylaxis.
Annual Probability of Attack Required for Each Increase in Dispensing Capacity to Be Cost-Effective Over a Range of Cost-Effectiveness Thresholds
rather than the 14-day supply assumed in the base case, then mortality will increase only slightly (from 138,000 deaths to 140,000). This is because in the base case, given a dispensing capacity of 14,000 individuals per day, the intervals between the depletion of local inventories, depletion of the Push Pack inventory, and the arrival of the VMI are relatively brief.
Probabilistic Sensitivity Analysis Figure 5 shows the results of our Monte Carlo simulation as an acceptability curve, which allows decision makers to determine the probability that pre-attack increases in local inventory are cost-effective at various willingness-to-pay thresholds. Probabilistic sensitivity analysis indicated that, in the event that a large attack did occur, the strategy of doubling local inventory was the preferred strategy in 6% of simulations at an incremental cost-effectiveness threshold of $50,000 per life year gained and in 85% of simulations at an incremental costeffectiveness threshold of $100,000 per life year gained.
DISCUSSION
We evaluated the costs and benefits of various strategies for stockpiling and dispensing medical and pharmaceutical supplies during a response to anthrax bioterrorism. Our analysis yielded four main results.
First, we found that, following an outbreak of inhalational anthrax resulting from a bioterrorist attack, mortality is critically dependent on the local dispensing capacity. At low dispensing capacities, nearly all exposed FIGURE 5. COST-EFFECTIVENESS ACCEPTABILITY CURVE OF DOUBLING LOCAL INVENTORY. This figure shows the results of our Monte Carlo simulation as an acceptability curve, which allows decision makers to determine the probability that pre-attack doubling of local inventory is cost-effective at various willingness-to-pay thresholds. For this analysis, the probability of attack was fixed at 0.0001. individuals died, regardless of the rate of adherence with prophylaxis. At high dispensing capacities, the expected mortality is highly dependent on the rate of adherence with prophylactic antibiotics.
Second, our analysis demonstrated that the cost-effectiveness of some strategies to prepare for bioterrorism is sensitive to the probability that an attack occurs. If the probability of a bioterrorism attack is high, increasing local inventories of supplies and increasing the number of local dispensing centers may be cost-effective. If the probability of an attack is low, increasing local inventories is not likely to be cost-effective.
Third, at local dispensing capacities of 14,000 individuals per hour or more (for a large metropolitan area), expected mortality depends on the rate of adherence with prophylactic antibiotics. Programs to increase adherence may be highly cost-effective.
Finally, when dispensing capacity is low, surveillance strategies to enhance attack detection do not result in reduced mortality. However, in communities with high dispensing capacities, significant reductions in mortality can be achieved via early event detection (such as might be achieved through ongoing syndromic surveillance or environmental surveillance programs such as BioWatch 37 ). Our results suggest that preparedness planning efforts at the local level should focus on three actions: development of plans to maximize local dispensing capacity, strategies to encourage adherence with prophylaxis regimens, and development of technologies to identify people at risk of exposure (so as to minimize the number of unexposed individuals who would be given prophylactic antibiotics). Other strategies to improve local preparedness, including increasing local antibiotic stockpiles and instituting surveillance systems to reduce the delay in attack detection, are likely to be cost-effective only if the community can achieve a high dispensing capacity, if the probability of an attack is greater than 0.0001 per year, and if the attack is large.
The cost-effectiveness of several strategies was sensitive to the annual probability of an attack. This is because many preparedness strategies such as the stockpiling and maintenance of inventories of supplies require an initial investment and ongoing maintenance costs that are accrued regardless of whether an attack takes place. However, benefits of a preparedness strategy are accrued only if an attack takes place. Thus, the cost-effectiveness ratio becomes more favorable as the probability of an attack increases.
We performed probabilistic sensitivity analysis to assess the likelihood that pre-attack increases in local inventory are cost-effective. The simulations assumed that the parameters are uncorrelated, as no evidence exists regarding the type or extent of possible correlations among these parameters. Parameter correlations could be considered in such a simulation. An alternative approach is scenario planning, a method of considering the consequences of current actions under a range of uncertain future scenarios. 38 Such a method, commonly used in military systems planning, [39] [40] [41] is well suited to bioterrorism preparedness planning.
Our analyses addressed a wide range of issues related to enhanced local preparedness for responses to anthrax bioterrorism, but two key issues remain unaddressed. First, our results demonstrated the importance of local dispensing capacity. However, we did not explore which specific elements of dispensing capacity-such as triaging symptomatic patients to receive treatment, obtaining informed consent for antibiotic dispensing, actual dispensing of the antibiotics, etc.-were most rate-limiting. Our model could be expanded to evaluate these specific dispensing tasks. Second, our prophylaxis and treatment model did not include the use of anthrax vaccine. Although anthrax vaccine has recently been added to the CDC postexposure prophylaxis recommendation in a 3-dose regimen, it is not likely to be available for inclusion in emergency response stockpiles until 2008, and it is licensed neither for postexposure prophylaxis for prevention of inhalation anthrax nor for use in a 3-dose regimen (thus, its use would have to be conducted under an Investigational New Drug application to the Food and Drug Administration). 14, 22, [42] [43] [44] [45] Some evidence suggests that the use of anthrax vaccine may reduce the need for longer courses of prophylaxis and treatment. 46 Our model could be readily expanded to include the costs and benefits potentially associated with adding vaccination to prophylaxis regimens. As presented, our results could be used to inform the preparedness planning efforts for anthrax bioterrorism and for related biothreat agents that have similar disease progression and treatment strategies.
Our analysis depended on the assumption that the Push Packs would arrive at the attack site 12 hours after being requested. This assumption was based on experience with Push Pack delivery during the September 11, 2001 , response and references from the SNS. 4, 31 However, if an attack is made on multiple U.S. cities simultaneously, availability of Push Packs and VMI could be significantly delayed. Our results suggest that even if regional inventories are delayed significantly, expected mortality is largely dependent on dispensing capacity.
Our model could be used to evaluate the expected costs and mortality of other clinical and planning questions such as the effects of an attack with antibiotic-resistant (as opposed to antibiotic-sensitive) anthrax, the effects of changing costs of particular antibiotics (e.g., the availability of low-cost antibiotics), or the use of other medical therapies (e.g., pleural fluid drainage).
In the U.S., medical, public health, and emergency response experts are currently preparing for the enormous logistical challenges of stockpiling, distributing, and dispensing prophylaxis and treatment to populations exposed to bioterrorism. Given the availability of the resources available through the SNS, primary planning efforts are likely to benefit most from increased local capacity to rapidly dispense these inventories, to reliably identify exposed individuals, and to encourage adherence with prophylaxis and treatment regimens.
